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Abstract 
 
The advent of very high resolution (VHR) optical satellites capable of producing 
stereo images led to a new era in extracting digital elevation model which commenced with 
the launch of IKONOS. The special specifications of VHR optical satellites besides, the 
significant economic profit stimulated other countries and companies to have their 
constellations such as EROS-A1 and EROS-B1 as the cooperation between Israel and 
ImageSat. QuickBird, WorldView-1 and WorldVew-2 were launched by DigitalGlobe. 
ALOS and GeoEye-1 were offered by Japan and GeoEye Respectively. In addition to 
aforementioned satellites, Indian and South Korea initiated their own constellation by 
launching CartoSat-1 and KOPOSAT-2 respectively.The availability of all so-called 
satellites make a huge market of stereo images for extracting of digital elevation model and 
other correspondent applications such as, producing orthorectifcatin images and updating 
maps. Therefore, there is a need for a comprehensive comparison for scientific and 
commercial clients to choose appropriate satellite images and methods of generating digital 
elevation model to obtain optimum results. This paper will thus give a review about the 
specifications of VHR optical satellites. Then it will discuss the automatic elaborating of 
digital elevation model. Finally an overview of studies and corresponding results is 
reported. 
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1.  Introduction 
Digital Elevation Model (DEM) which represents the elevation of terrain over a specified area is a 
prerequisite in different applications such as modeling water flow (Jain and Sing. 2005), mass 
movement (Iwahashi. 2001), creation of relief maps (Fraser et al., 2002), Geographic Information 
Systems (Font et al., 2010; Siet et al., 2009), natural hazards (Huggel et al., 2008; Vassilopoulos et al., 
2002) and many others. For decades the terrestrial surveying techniques and aerial images were the 
only approaches of generating DEM. The emergence of GPS facilitated the conventional techniques, 
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however, difficulties such as time-consuming, reaching to impassable areas, high expenses, were still 
remaining. Finally, the possibility of using satellites stereoscopic images for global digital elevation 
data was commenced with launch of the first of SPOT series satellites in 1986. In spite of many years 
of updated launch announcement, program delays and failures to deploy a number of high resolution 
satellites, such as Earlybird-l 1997, EROS-A 1998, IKONOS-1 1999, QuickBird- 2000,OrbView- 
2001, the generation of very high resolution commercial space imaging started with the launch of 
IKONOS on September 24, 1999 (Sadeghian et al 2001). Therefore, many experiments have been 
conducted to evaluate remote sensing data as new alternative for generating DEM (Jacobson, 2002; 
Fraser, 2003; Toutin and Cheng, 2002; Amato et al., 2004).Very high resolution satellites (HRS) 
advantages over other satellites in generating DEM which are first, the highest resolution ever available 
to the civilian mapping community; second extremely long camera focal length that offers the ideal 
capturing surface relief data from satellite orbit; then fore –nadir and aft looking linear CCD arrays 
supplying in-track stereo strips and pointing capabilities generation cross track stereo strips and finally 
the base-height (B/H) ratio of 0.6 or greater introduce them as significant alternatives for generating 
DEMs and 3D views (Sadeghian et al 2001). Alongside the satellite developments, the production of 
DEM extraction has been improved significantly. Due to specific characteristics of pushbroom 
satellites, there is a need to redesign and improve the traditional models of photgrammetric images 
such as rigorous models (Toutin.1995). In addition, many software packages such as ENVI, ERDAS, 
PCIGeomatica, ArcGIS and many others are used widely to extract DEM of very high resolution stereo 
images. Consequently, there is an essential for all-inclusive assessment in different specifications of 
VHR optical satellites, various approaches of producing DEM and achieved accuracies, in order to 
choose the best stereoimages and methods for scientific and commercial users. 
This paper was categorized in four parts; the following section will give an overview of 
specifications of contemporary very high resolution satellites capable of producing stereoimages. In the 
second part the different techniques and algorithms of generating DEM will be discussed and finally it 
provides an overview of studies and results corresponding to each satellite. 
 
 
2.  VHR Optical Satellites 
2.1. Satellites Specifications 
Specifications of contemporary very high resolution optical satellites with the capability of producing 
stereo images were summarized in table 1.VHR optical satellites rotate in sun-synchronous orbit 
(400km-900km) which provides the proximity to Earth surface as well as consistent lightening. In 
addition, sun-synchronous orbit offers collecting images of the same point of the Earth’s surface at the 
same local time each day. Morover, very high resolution optical satellites utilize the linear array CCD 
technology sensors in pushbroom mode (Jenson. 2004; Zhnag and Gruen, 2006). In pushbroom sensors 
also called survey or wide field devices, the different areas of target are imaged as the satellite moves 
forward by using an arranged line of sensors which are perpendicular to the flight direction 
(http://earthobservatory.nasa.gov/Features/EO1/eo1_2.php). The advantages of pushbroom sensors 
over other types are, first, low noise in received signals due to longer dwell time; second, there are no 
moving parts; hence, scan speeds of less than 1µs  access time are possible. Finally, they are suitable 
for HRS with FOV<15°. Althought, there are some drawbacks, such as, a very large number of 
detectors are required for high and VHR images; in addition, the pushbroom scheme needs a wide 
field-of view optics system to obtain the same swath compare to a whiskbroom scanner (kramer.2002). 
Besides the aforementioned specifications, VHR optical satellites offer the most ever available 
overlapped area and B/H ratio in stereo images which lead to remarkable accuracy of image matching 
and resulting DEM. Also, the opportunity of revisit frequency of 3 to 5 days increases the sustainable 
monitoring of variations of Earth’s surface. Due to the significance of accurate attitude and special 
determination in VHR optical satellites several systems are used such as, Star trackers, solid state IRU, 
GPS. 
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Table 1: Specifications of contemporary very high resolution optical satellites capable of producing 
stereoimages 
 
ID Satellite/Sensor Country/Comp
any 
Date of 
lunch 
Resolution 
(stereoimage) 
Min/Max (m) 
Swath Width 
Min/Max 
(km) 
Mission Stereo B/H 
1 IKONOS 2 USA/GeoEye 24 Sep 
1999 
Pan (N) 0.8 
Multi (N) 3.2 
Pansharpened 0.8-1.0 
11*11 Commercial Along -track 0.54-0.83 
2 EROS -A1 Israel/ImageSat 5 Dec 
2000 
Pan (N) 1.9 14*14 Commercial Along –track 
Across-track 
variable 
3 QuickBird USA/DigitalGlo
be 
18 Oct 
2001 
Pan 0.61 
Multi 2.4 
16.5*16.5 Commercial Along -track 0-6 to 2.0 most 
collections 
between 0.9 and 
1.2. 
4 Spot 5 France /Spot 
image 
4 May 
2002 
Pan 2.5-5 
Maulti 10 
60*60 commercial Along- track 
Across-tarck 
Variable 
6 CartoSat -1 India 5 May 
2005 
Pan 2.5 26*26 Commercial Along-track 0.62 
7 ALOS(PRISM) Japan 24 jan 
2006 
Pan 2.5 35*35 commercial Along-track 
triplet of 
images 
1 
7 EROS –B1 Israel/ImageSat 25 Apr 
2006 
Pan 0.7 7*up to 21 Commercial Along –track 
Across-track 
Variable 
8 KOMPOSAT 2 Korea /KARI 28 July 
2006 
Pan 1 Maulti 4 15 Commercial 
/Military 
Across –track Variable 
9 WorldView-1 USA/DigitalGlo
be 
18 Sep 
2007 
Pan (N)0.5 
(20º off-N) 0.55 
17.6*17.6 Dual 
(Commercial 
with 
limitations) 
Along-track Variable 
10 WorldView-2 USA/DigitalGlo
be 
8 Oct 
2009 
Pan 0.46 
20º off-N) 0.52 
48*110 Dual 
(Commercial 
with 
limitations) 
Along -track Variable 
11 GeoEye-1 USA/GeoEye 6 Sep 
2008 
Pan (N) 0.5 
Multi(N) 2 
Pansharpened 
15.2 
Contigeous 
area 224*28 
Commercial Along-track Variable 
 
2.2. Capturing Stereoimages 
Generally, There are two approaches to obtain stereo images from satellites which first the across-tack 
stereoscopy from two different orbits (Fig.1) was first used by Landsat in1980; then with SPOT using 
across-track steering capabilities; and finally with IRS-1C/D by “rolling” the satellite. In the last few 
years the first solution renewed by along–track streoescopy(Fig.2). The latter approach gives the 
advantages of least radiometric deviation and time interval as well as higher geometric accuracy 
(Toutin.2002) 
 
Figure 1: Configuration of collecting images in across-track mode 
 
Orbit 1 
Orbit 2
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Figure 2: Configuration of collecting stereoimages in along-track mode 
 
 
Before Nadir 
Nadir After Nadir 
 
 
 
3.  Automatic DEM Generation 
There are numerous factors involve in applied approach for producing DEM like, image resolution, 
availability of attitude parameters, number and distribution of GCPs, morphology of study area and 
final DEM application. Figure 3 illustrates the workflow of automatic DEM generation. After 
preprocessing (Vassilopolou et al., 2002; Fraser, 2002) which depends on the image quality as well as 
final use of DEM, mathematical models are used to georeference the stereoimages. The sophisticated 
geometry of the space images attributes to various perspective centers, line scanning mode and attitude 
data lead to redesign and improve the conventional photogrammetrical models. In General 
mathematical models are categorized into Rigorous model (Kornus, 2006) and Generic model (Madani, 
1999; Sadeghian, 2001; Lucchese, 2006). Table 2 goes over the contemporary mathematical models 
which are used widely for georeferencing space images. The georeferencing is followed by generating 
epipolar images which reduces the time of finding corresponding points in image matching (Zhang and 
Gruen, 2006; Stereo analyst, 2008). During the image matching common points in the overlapped area 
of stereoimages are indentified and measured. Image matching techniques were categorized by 
Lemmens, (1988) as, first, signal based matching or area based mahcing (Lemmens, 1988; Lemens, 
1983); second featured based matching (LI, 1988; Greenfield et al., 1991; Tang and Heipke, 1993; 
Schenk, 1997), and the last is structural matching. The principle and applications of structural image 
matching in addition with literature review of other methods were discussed by Wang, (1997). 
Finally the accuracy of the resultaning DEM is evaluated by comparing the check points of the 
DEM and checkpoints of the study which were discussed in the corresponding satellite section. 
 
Figure 3: Procedure of automatic DEM generation 
 
Image Matching 
Physical Parameters 
Rigorous Model 
RPC Model 
DEM Accuracy Assessment 
Left Image Right Image 
Preprocessing 
NO 
Epipolar Images 
Check Points 
Final DEM 
GCPs 
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Table 2: Mathematical models of georeferencing stereoimgas for generating DEM 
 
ID  Adjustment Models Description 
1 Rigorous 
Sensor Model 
(RSM) 
  
'
0 ∆
0 ∆
∆
t
a b b
s
x X X
y M M Y M Y
z Z R Z
κ
        
        
= − −        
                
 
Base on the relationship between the a point 
on the image and the correspondent point on 
the ground 
2 Rational 
Functional 
Model 
( ) m1 m2 m3 i j kijk 
i 0 j 0 k 0
P X,Y, Z a X Y Z   
= = =
=∑∑∑
 
the object point coordinates are related to 
image pixel coordinates 
3 Direct Linear 
Transformati
on 
0 1 2 3
1 2 3
a a X a Y a Z
x      
1 c X c Y c Z
+ + +
=
+ + +
 
0 1 2 3
1 2 3
b b X b Y b Zy
1 c X c Y c Z
+ + +
=
+ + +
 
eleven linear orientation parameters define the 
relationship between 2D image space and 3D 
images object space: 
4 Self 
Calibration 
Direct Linear 
Trnasformati
on (SDLT) 
0 1 2 3
4
1 2 3
a a X a Y a Z
x a xy
1 c X c Y c Z
+ + +
= +
+ + +
 
0 1 2 3
1 2 3
b b X b Y b Z
          y
1 c X c Y c Z
+ + +
=
+ + +
 
Twelve linear orientation parameters define 
the relationship between 2D image and 3D 
object space. 
5 3D Affine 
Transformati
on 
i 1 I 2 I 3 I 4x A X A Y A Z A= + + +
 
i 5 I 6 I 7 I 8y A X A Y A Z A= + + +
 
the transformation from 3D object space 
(X,Y,Z) to 2D image space for a given point i 
within an image comprises of eight 
parameters per images 
6 2D Projective 
Transformati
on 
0 1 2
1 2
a a X a Y
x
1 c X c Y
+ +
=
+ +
 
0 1 2
1 2
b b X b Yy
1 c X c Y
+ +
=
+ +
 
Eight parameters define the relashionship 
between the object and the image 
7 2D 
Polynomials 
m1 m2
i j
ij
i 0 j 0
X a  x Y  
= =
=∑∑
 
m1 m2
i j
ij
i 0 j 0
        Y b  x Y
= =
=∑∑
 
The model describes the relationship between 
image and object space independent of the 
sensor geometry x,y are the coordinates on the 
image X,Y are the coordinates on the gorund 
and 
,ij ija b
 are transformation parameters. 
 
 
4.  Accuracy of Generated DEM 
In this section the different studies which have been conducted to investigate the accuracy of resulting 
DEM from VHR optical satellites stereoimages are reported. The satellites were categorized based on 
their companies. 
 
4.1. IKONOS and GeoEye 
The launch of IKONOS initiated new era in spaceimages which was located on the 681 km above the 
earth. The panchromatic and 4 multispectral (blue, green, red, near IR) images are collected at nadir 
and 26°off nadir which can be revisited in 3 days. IKONOS was the first civilian satellite with the high 
resolution sensors (Zhang & Gruen, 2006). Dial et al. (2003) reported an overview of the different 
specifications and productions of IKONOS. In addition, researches have covered sensor modeling and 
orientation (Baltsavias et al., 2001; Jacobsen, 2003; Grodecki and Dial, 2003; Fraser et al., 2002; 
Fraser and Hanley, 2003; Poli, 2004; Eisenbeiss et al., 2004), feature extraction (Frase et al, 2002; 
Shan, 2003; Hu and Tao, 2003; Di et al., 2003; Baltsavias et al., 2004) and automatic digital terrain 
model (DTM), digital surface model (DSM) generation and image orthorectification (Vassilopoulo et 
al., 2002; Toutin, 2004; Zhang and Gruen, 2004; Poon et al., 2005; Stolle et al.,2005; Krauß et al., 
2005, Zhang and Gruen, 2006). In regard to decisive function of DEM and orthoretification images in 
acquisition of topographic information, updated map generation and many others, various studies 
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covered the accuracy assessment of ultimate results. Elaskser (2009) reviewed the different studies of 
accuracy assessment of IKONOS, for instance, the mapping accuracy of the stereo images with GCPs 
was reported as 1.32m RMSE in horizontal direction and 1.82m RMSE in vertical direction by Dial, 
(2000) which increased to 6.2m CE90% and 10.1m LE90 in horizontal and vertical direction 
respectively without GCPs (Dial and Grodecki, 2003). The affine transformation model and a 
polynomial model with a 2m grid size DEM and 38 GCPs were utilized by Vassilopoulou et al. (2002) 
to orthorectify an IKONOS GeoImage which the 2.2m RMSE in horizontal direction was achieved. 
The mathematical model, presented in Toutin (2003), is based on the collinearity condition and 
represents the physical realities of the full viewing geometry and the platform-sensor- Earth relations 
with using 13 panchromatic and multispectral IKONOS images over seven study sites. Zhang and 
Gruen (2006) proposed multi image matching, an advanced image matching approach for automatic 
DSM generation which can provide precise and reliable results. The outputs showed the accuracy of 2-
3m RMSE error for the whole area while for bare ground was about 1m or even better. 
GeoEye-1 is the other member of GeoEye constellation which offers highest resolution of any 
commercial imaging system and can collect images with a ground resolution of 0.41-meters in black 
and white mode with 1.65-meter resolution in multispectral mode. GeoEye's operating license from the 
U.S. Government requires re-sampling the imagery to 0.5-meter for all customers not explicitly granted 
a waiver by the U.S. Government. GeoEye initial accuracies are illustrated in table 3. Unfortunately, 
there were no available experiments about generating DEM of GeoEye-1 during this study. 
 
Table 3: Geometric accuracy of GeoEye products. (GeoEye, 2010). 
 
Product Positional accuracy 
CE90 LE90 NMAS 
GeoStereo (0.5m) 4m 6m 1:5000 
GCPs 2m 3m 1:2,500 
Geostereo (1m) 15m 22m 1:20.000 
GCPs 4m 6m 1:5000 
 
4.2. SPOT-5 
SPOT-5 is the latest member of the spot series was placed on the altitude of 822 km in sun-
synchronous orbit which revisits the target between 2 to 3 days. SPOT-5's improved 5-metre and 2.5-
metre resolution and wide imaging swath, covers 60 x 60 km or 60 km x 120 km in twin-instrument 
mode, offers an ideal balance between high resolution and wide-area coverage. Its final purpose is to 
provide the worldwide database of Digital Terrain Models and Orthoimages, called Reference3D®, 
with no use of ground control points and a horizontal location specified as 16 m for 90% of the points 
(Bouillon et al, 2006). The SPOT5 ‘S HRS sensor is an interesting new sensor to acquire optical stereo 
pairs for larger regions which provides the first orthoimages and DSM derivation without GCPs 
(Reinartz, 2006) with a sufficient spatial resolution to produce high quality DSM with accuracies 
similar to the SRTM X-Band DSM (Bamler et al., 2003; Rabus et al., 2003), or even better (Reinartz et 
al., 2006). Moreover, different specification of spot 5 were discussed by (Bouillon et al., 2002; 
Buyuksalih, 2004; Kornus et al, 2006). 
Since the receiving of images, several studies have been carried out to generate and evaluate the 
potential accuracy of DEM and orthorectifed images. The level 1A scenes of spot 5 were used by 
Buyuksalih et al. (2004) to generate DEM by automatic image matching method, a vertcical accuracy 
of 3.2 m corresponding to an x-parallax of 0.33 pixels has been reached. Kornus et al, (2006) employed 
3 fold along track stereoscopic images to generated DEM, with the utilization of ISAE software and 
rational function which led to standard deviations better than 5m and 10 m in flat/moderate terrain and 
mountainous area respectively. The direct georeferencing method besides the rigorous model without 
ground control points were applied by Reinartz et al. (2006) to produce DSM and orthoimages led to 
absolute accuracy of terrain heights in the order of 5 to 10 m (mean height deviation, bias), with 
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standard deviations of about 2 to 4 m for single points and 4 to 7 m for the interpolated DSM in 
comparison to the reference. Also, it was suggested that by using a few GCPs (3-4 points), it was 
possible to reach a co-registration accuracy of the Individually improved HRS images of less than 3 m 
and to reduce the height bias in the Catalonian case from 9 to 2 m. In addition, High Resolution 
Stereoscopic (HRS, 10m resolution) in-track stereo-images and High Resolution Geometric (HRG, 5m 
resolution) were employed by Toutin (2006) to generate DSM by using spatiotriangulation and 
autocalibration method. The result showed LE68 values of 3.2m to 6.7m depending on the land cover 
types besides, LE68 values of 2.4m and 2.2m over bare surfaces for HRS and HRG, respectively. 
 
4.3. QuickBird, WorldView 1 & 2 
The DigitalGlobe offers most agile and sophisticated constellation of high-resolution commercial earth 
imaging satellites with several technical advantages such as, outstanding geolocation accuracy and a 
global collection of panchromatic and multispectral images. Quickbird is a sun-synchronous satellite 
was placed on the altitude of 450 km which provides the revisit time of 2-3 days with an in-track / 
across –track viewing angle. Also, it supplies commercially satellite imagery with the spatial 
resolution: 2.44 m for multispectral and 0.61 m for panchromatic images at nadir (Digital- Globe, 
2002). Because of the increased capability for showing spatial variability at fine details, QuickBird 
data have offered new opportunities for field-scale remote sensing applications (Coops et al., 2006; Wu 
et al., 2007). Other specifications also were addressed by (Siart et al, 2009; Cheng and Chaapel, 2006). 
QuickBird Basic Stereo Pairs are collected in-track, generally at 30º off-nadir (fore-aft) and within 10º 
of the ground track. (DigitalGlobe product guide, 2003). The combination of QuickBird images, 
ASTER and SRTM were utilized for geomorphological mapping by Siart et al. (2009). A work has 
been conducted to evaluate the mean accuracy of two Digital Surface Models (DSMs) respectively 
extracted from a Quickbird in-track Basic Stereo imagery and from two Quickbird Standard 
Orthoready imageries partially overlapped acquired during two different orbital tracks by Crespi et al. 
(2007). The two tests showed that accuracy at 1 meter level or better may be achieved in DSM 
extraction from Basic Stereo. Further, DSMs extracted from pairs of Standard Orthoready imagery 
acquired on different tracks may reach accuracy at 2 meter level, provided the acquisition geometry is 
good. In addition, the extracted DEM of QuickBird stereoimages showed an averaged difference of 3m 
for gentle to moderate terrain and up to 30 m for rugged terrain in vertical values.(Cheng and Chaapel, 
2006). 
WorldView-1 and WorldView-2 are the latest members of DigitalGlobe constellation. 
Worldview-1 images the earth in sun-synchronous orbit, 496 km above the earth which has an average 
revisit time of 1.7 days at 1 m GSD or less and 5.4 days at 25° off-nadir or less (59 cm GSD). In 
comparison, WorldView- 2 was placed on the altitude of 770 km with the revisit frequency of 1.1 days 
at 1 meter GSD or less and 3.7 days at 20° off-nadir or less (0.52 meter GSD).Also, it supplies the 
images in panchromatic (stereoimage) and 8 multispectral (4 standard colors: red, blue, green, near-IR, 
4 new colors: red edge, coastal, yellow, near-IR2). 
The table 4 compares the geolocation accuracy of WorldView- 1 and 2 products which are 
achieved by Ultra-stable platform, high-precision attitude sensors and GPS. 
 
Table 4: Comparison between geometric accuracy of WorldView-1 and WorldView-2 
 
WorldView-1 WorldView-2 
Geolocation accuracy specification of 6.5 m CE90 at 
nadir, with actual accuracy in the range of 4.0 - 5.5 m 
CE90 at nadir, excluding terrain and off-nadir effects 
• Geolocation Accuracy specification of 6.5m CE90, with 
predicted performance in the range of 4.6 to 10.7 meters 
(15 to 35 feet) CE90, excluding terrain and off-nadir 
effects 
• With registration to GCPs in image: 2.0 meters (6.6 feet) 
CE90 
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4.4. EROS-A1 and B1 
EROS -A1 and B1 are the members of the sun-synchron, polar orbiting constellation of the ImageSat 
international company which were equipped with Charge Coupled Device detectors (CCD) and CCD/ 
Time Delay Integration (TDI) detectors respectively. EROS-A1 was placed on the altitude of 480 km 
while EROS-B1 collects the data on altitude between 400 to 600 km.The same revisit time 1.8 days 
provides the opportunity of using both satellite images for the area of interest. The specifications of 
EROS A1 and method to ortherectify images were discussed by Westin and Farsgern (2001). In order 
to, assess the accuracy of generated DEM seven different areas were evaluated.The result showed the 
accuracy less than 1 pixel for all areas (except y direction in scene 5) with as few as 9 ground control 
points. 
 
4.5. CartoSat- 1 
CartoSat-1 is the first Indian satellite capable of providing in-orbit stereo images which is designed for 
cartography applications. Satellite was placed in the polar Sun Synchronous Orbit of 618 km from 
Earth with two high-resolution panchromatic sensors recording stereo in maximum 5 days of revisit 
time. Besides, Kasturirangan, (2004) reported an overview of the Indian space program. In order to 
evaluate the DEM accuracy, the RPC approach was used by Leica Photogrammetric Suite (LPC V.9) 
in addition with 25 GCPs (Murthy et al 2008). The assessment of the output was carried out by using 
the “raster to vector” approach, using bilinear interpolation to determine the elevation. The comparison 
with reference DEM depicted the 3.01m with standard deviation of 3.83 in less than 100m elevation 
and -2.30m with standard deviation of 6.25 between 100-300 m elevation. Another effort to investigate 
the DEM accuracy of CartoSat-1 was done by Evans et al. (2008), using the ENVI and PCIGeomatic. 
The generated DEM vertical accuracy compared to NED, ASTER, and SRTM DEMs while the 
horizontal accuracy was compared with the Digital Orthophoto Quad data. The result showed the most 
accurate DEM generated by PCI with Mean vertical error was slightly less than 4 meters, and the 
standard deviations were less than 10 meters with horizontal accuracy of 5 meters x-y. 
 
4.6. ALOS (PRISM) 
The Panchromatic Remote Sensing Instrument for Stereo Mapping (PRISM) is one of the three 
instruments on the Advanced Land Observing Satellite (ALOS), also called DAICHI is a panchromatic 
(0.55-0.72 micrometers) radiometer with the potential of producing 1:25000 scale DEM without 
relying on the GCPs (Miller et al., 2009; McNeill and Belliss.2009).The three panchromatic cameras 
(backward. nadir, forward) produce the in-track triplet stereo images of Japan and Asia-Pacifc region. 
Forward and backward sensors were arranged at the inclination of +/-23.8 from nadir to provide the 
base to height ratio of one. (Schwind et al., 2009).In addition, other specification were addressed by 
(Tadono et al., 2004; Takaku et al., 2004; Rottensteiner et al.,2009).A comparison between the 
extracted DEM of PRISM and IKONOS by using different models was conducted by Miller et al., 
(2009) on Yemen. The PRISM DEM was generated by two different direct models and RPC model. 
The results showed the shift values between IKONOS and PRSIM DEM were 0.31 m (with GCPs) and 
11.7 m (without GPS) in Z direction. Moreover, the RMSE (m) of 1.35 and 0.50 were achieved in 
comparison between the direct models and RPC. The literature also suggested that the image quality, 
JEPG compression artifacts and column striping affect the resulting DEM (Saunier et al., 2007; 
Kamiya, 2008). 
 
4.7. KOMPOSAT-2 
The South Korean KOMPOSAT- 2 also is called Arirang-2 with the orbit height of 685 km, provides 
the revisit rate of 3 days with roll angle of 30° and orbital period of 28 days. The 4-m multispectral 
image covers the blue (band 1), green (band 2), rough (band 3) and near infrared (band 4) in 15km 
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footprint. The MSC camera collects multispectral and panchromatic monoscopic images of the earth 
while stereoscopic images are made by ground processing of the images from multiple orbits. 
The resolution of satellite is suited for feature detection and identification such as, 
reconnaissance, operational intelligence gathering and identification of civil and military services. In 
addition,Sakong and Im. (2002) reported a comprehensive review of applications field and strategy of 
KOMPOSAT-2 imagery. An investigated on KOMPOSAT-2 sensor modeling and geometric 
callibraion has been carried out by Seo et al. (2008).The outputs showed the horizontal geo-location 
accuracy of KOMPSAT-2, without GCPs (Ground Control Points) is 80 meters CE90 for monoscopic 
image of up to 26 degrees off-nadir angle, after processing including POD (Precise Orbit 
Determination), PAD (Precise Attitude Determination) and AOCS (Attitude and Orbit Control 
Subsystem) sensor calibration. In case of multiple stereo images, without GCPs, the vertical geometric 
accuracy is less than 22.4 meters LE 90 and the horizontal geometric accuracy is less than 25.4 meter, 
while the geometrical potential by using direct sensor model or RFM could be met 51.65m (CE90) on 
the flat ground. 
 
 
5.  Summary 
In this paper we have presented to mapping users community namely for scientific and commercial 
purposes in selecting the best VHR optical satellites stereoimages for DEM extraction and 
orthorectification. VHRS offers the highest resolution ever available which is varied between 0.5m and 
2.5m in panchromatic mode and 2m and 10m in multispectral mode besides significant swath width 
and optional repeat cycle. Conversely, there are also some drawbacks which reduce the application of 
satellite images in DEM extraction such as dependency on the ground control points which increase the 
expenses and reduce the final accuracy, availability of images due to companies and countries policies, 
the affect of weather conditions on finding appropriate images and finally the cost of images and 
processing.Therefore, it is necessary to consider all aspects of the project to choose the best images 
such as the required accuracy, the width of the study area, cost of the project, the necessity of ground 
control points and accessibility of the area of interest. 
 
 
References 
[1] Ahmed F. Elaksher. 2009. Using LIDAR-based DEM to orthorectify Ikonos panchromatic 
images. Optics and Lasers in Engineering. Vol. 47,pp 629–635 
[2] Amato, R., Dardanelli, V., Emmolo, D., Franco, V., Lo Brutto, M., Midulla, P., Orlando, P., 
Villa, B., 2004. Digital orthophotos at a scale of 1:5000 from high resolution satellite images. 
International Archives of Photogrammetry, Remote Sensing and Spatial Information Sciences. 
Vol.35 (B4), pp. 593–598. 
[3] Aurélie Bouillon, Marc Bernard, Patrick Gigord c, Alain Orsoni, Véronique Rudowski, Alain 
Baudoin.2006. SPOT 5 HRS geometric performances: Using block adjustment as key issue to 
improve quality of DEM generation. ISPRS Journal of Photogrammetry & Remote 
Sensing.Vol. 60, pp. 134–146. 
[4] Baltsavias, E.P., Pateraki, M., Zhang, L., 2001. Radiometric and geometric evaluation of 
IKONOS geo images and their use for 3D building modeling. Joint ISPRS Workshop on “High 
Resolution Mapping from Space 2001”, Hannover, Germany, 19–21 September.On CD-ROM. 
[5] Bailey G.B., Evans G., Ramachandran B., and Cheng P., 2006. Assessing the Accuracy of 
Digital Elevation Models Generated from Cartosat-1 Stereo Image Data. Unpublished study 
presented at the 2006 ISPRS Symposium in Goa, India. 
[6] Bamler, R., Eineder, M., Kampes, B., Runge, H., Adam, N., 2003.SRTM and beyond: current 
situation and new developments inspaceborne SAR and InSAR. Proceedings of the ISPRS 
Workshop High Resolution Mapping from Space, Hanover, 6–8 October, IPI,Universität 
Hannover. 6 p.(on CD-ROM). 
Very High Resolution Optical Satellites for DEM Generation: A Review 551 
 
[7] Bouillon, A., Breton, E., de Lussy, F., Gachet, R., 2002. SPOT5 HRG and HRS first in-flight 
geometric quality results. Proceedings SPIE, Vol. 4881A Sensors, System, and Next Generation 
SatellitesVII, Agia Pelagia, Crete, Greece, 22–27 September, Paper 4881A-31 (on CD-ROM) 
[8] Buyuksalih, G., Oruc, M., Topan, H., Jacobsen, K.2004. Geometric Accuracy Evaluation, DEM 
Generation and Validation for SPOT-5 Level 1B Stereo Scene. EARSEL Workshop Remote 
Sensing for Developing Countries. Cairo. 
[9] C.S. Fraser a, E. Baltsavias b, A. Gruen.,2002. Processing of Ikonos imagery for submetre 3D 
positioning and building extraction. ISPRS Journal of Photogrammetry & Remote Sensing.Vol. 
56,pp.177– 194. 
[10] Christoph Siart, Olaf Bubenzer, Bernhard Eitel., 2009. Combining digital elevation data 
(SRTM/ASTER), high resolution satellite imagery (Quickbird) and GIS for eomorphological 
mapping: A multi-component case study on Mediterranean karst in Central 
Crete..Geomorphology.Vol. 112, pp. 106–121. 
[11] Coops, N.C., Johnson, M., Wulder, M.A., White, J.C., 2006.Assessment of QuickBird high 
spatial resolution imagery to detect red attack damage due to mountain pine beetle infestation. 
Remote Sensing of Environment. Vol, 103 (1), pp. 67–80. 
[12] Daniela Poli.2007. A Rigorous Model for Spaceborne LinearArraySensors. Photogrammetric 
Engineering & Remote Sensing.Vol. 73, No. 2, pp. 187–196. 
[13] Dial G. Ikonos satellite mapping accuracy. In: Proceedings of the ASPRS 2000 Annual 
Conference 2000, (on CD ROM). 
[14] Dennis Helder, Michael Coanb, Kevin Patrick, Peter Gaska.2003. IKONOS geometric 
characterization. Remote Sensing of Environment.Vol. 88, pp. 69–79. 
[15] Di, K., Ma, R., Li, R., 2003. Automatic shoreline extraction from highresolution IKONOS 
satellite imagery. Proceedings of ASPRS 2003 Conference, Anchorage, Alaska, May 5–9. On 
CD-ROM. 
[16] Dial G, Grodecki J. Ikonos stereo accuracy without ground control. In:Proceedings of the 
ASPRS 2003 Annual Conference 2003, (on CD ROM). 
[17] E.Gülch, “Results of test on image matching of ISPRS WG III/4,” ISPRS J. Photogramm. 
Remote Sens., vol. 46, no. 1, pp. 1–8, Feb. 1991. 
[18] Eisenbeiss, H., Baltsavias, E.P., Pateraki, M., Zhang, L., 2004.Potential of IKONOS and 
QUICKBIRD imagery for accurate 3Dpoint positioning, orthoimage and DSM generation. 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information 
Sciences 35 (Part B3), 522–528. 
[19] F. Balik Sanli, S. Abdikan.copmaring a stereoscopic DEM with an interformetric DEM using 
the same RadarSat data pair. ISPRS Commission VII Mid-term Symposium "Remote Sensing: 
From Pixels to Processes", Enschede, the Netherlands, 8-11 May 2006. 
[20] Fraser, C.S., 2003. Prospects for mapping from high-resolution satellite imagery. Asian Journal 
of Geoinformatics Vol. 4 (1), pp. 3–10. 
[21] Fraser, C., Hanley, H.B., 2003. Bias compensation in rational functions for IKONOS satellite 
imagery. Photogrammetric Engineering and Remote Sensing Vol. 69 (1), pp,53–57. 
[22] Gene Dial, Howard Bowen, Frank Gerlach, Jacek Grodecki, Rick Oleszczuk., 2003. IKONOS 
satellite, imagery, and products. Remote Sensing of Environment. Vol.88. pp, 23–36. 
[23] Gerry Mitchell, Kevin MacNabb. 2010, ASPRS Annual Conference, San Diego, California. 
[24] Greenfeld, J.S., Schulte-Hinsken, S., Miiller, W., 1991. A strategy for automated stereo model 
orientation using a feature-based matching procedure. Proc. ACSM-ASPRS Annual Conv., pp. 
131-140. 
[25] Grodecki, J., Dial, G., 2003. Block adjustment of high-resolution satellite images described by 
rational polynomials. Photogrammetric Engineering and Remote Sensing. Vol. 69 (1), pp. 59–
68. 
552  Mazlan Hashim and Kaveh Deilami 
[26] HaiBin Ai a, b,*, Jianqing Zhang a, Yanson Duanb, Yong Zhang.2008 applications of SPOT-5 
imagery in surveying and mapping of west regions in China. The International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVII, Part B4. 
[27] Hae-Yeoun Leea,aejung Kimb, Wonkyu Parkc, Heung Kyu Lee.2003.Extraction of digital 
elevation models from satellite stereo images through stereo matching based on epipolarity and 
scene geometry.Image and Vision Computing. Vol.21, pp.789-796. 
[28] Hu, X., Tao, C.V., 2003. Automatic extraction of main-road centerlines from IKONOS and 
quick-birdimagery using perceptual grouping. Proceedings ASPRS 2003 Conference, 
Anchorage, Alaska, May 5–9. On CD-ROM. 
[29] I. Kamiya, “Reduction of jpeg noise from the alos prism products,”Bulletin of the 
Geographical Survey Institute, Japan, vol. 55, pp. 31–38, Mar. 2008. 
[30] [30] InSu Lee Linlin Ge Hsing-Chung Chang YoungJin Lee.2005. Accuracy comparison of 
DEMs derived from multisource SAR images. Geoscience and Remote Sensing Symposium. 
IGARSS '05. Proceedings. IEEE International. 
[31] Jacobsen, K., 2002. Comparison of high resolution mapping from space. Indian Cartographer 
22 
[32] Jacobsen, K., 2003. Geometric potential of IKONOS and Quick-Bird-Images. In: Fritsch, D. 
(Ed.), Photogrammetric Weeks '03, pp. 101–110. 
[33] Janet E. Nichol, Ahmed Shaker, Man-Sing Wong.2006. Application of high-resolution stereo 
satellite images to detailed landslide hazard assessment. Geomorphology. Vol. 76,pp. 68– 75. 
[34] Jindong Wu a, Marvin E. Bauer, Dong Wang, Steven M. Manson.2007. A comparison of 
illumination geometry-based methods for topographic correction of QuickBird images of an 
undulant area. ISPRS Journal of Photogrammetry & Remote Sensing. Vol. 63, pp. 223–236. 
[35] Junichi Takaku, Noriko Futamura, Aki Goto, Tetsuji Iijima,Takeo Tadono, Masayuki 
Matsuoka, Masanobu Shimada, Ryosuke Shibasaki.High resolution DEM generation from 
ALOS PRISM data.Geoscience and Remote Sensing Symposium, 2004. IGARSS '04. 
Proceedings. 2004 IEEE International.vol 7.p 4548 - 4551. 
[36] Kiyonari FUKUE, Haruhisa SHIMODA. Simulation Data Set of ALOS Optical Sensor. 
Geoscience and Remote Sensing Symposium, 2002. IGARSS '02. 2002 IEEE International. 
[37] Krishnaswami Kasturirangan. 2004. Indian space programme. Acta Astronautica.Vol. 54, pp. 
841 – 844. 
[38] Krauß, T., Reinartz, P., Lehner, M., Schroeder, M., Stilla, U., 2005.DEM generation from very 
high resolution stereo satellite data in urban areas using dynamic programming. ISPRS 
Hannover Workshop 2005 on “High-Resolution Earth Imaging for Geospatial Information”, 
Hannover, Germany, 17–20 May. On CD-ROM. 
[39] H.J. Kramer.2002.Observations of the Earth and its environment: survey of missions and 
sensors.4th Ed.Germany.Springer 
[40] Lemmens, M., 1988. A survey on stereo matching techniques. Int. Arch. Photogramm. Remote 
Sensing. Vol, 27 (B3), pp. 11-23. 
[41] Li, M., 1988. High precision relative orientation using feature based techniques. Int. Arch. 
Photogranun. Remote Sensing. Vol. 27 (B3), pp. 456-465. 
[42] Li Zhang, Armin Gruen.,2006. Multi-image matching for DSM generation from IKONOS 
imagery. ISPRS Journal of Photogrammetry & Remote Sensing. Vol. 60.pp,195–211. 
[43] M. Crespi, L. De Vendictis. R. Onori, F.2007. New Developments and Challenges in Remote 
Sensing. Z. Bochenek (ed.). ISBN 978-90-5966-053-3. 
[44] Peter Reinartz, Rupert Müller, Manfred Lehner, Manfred Schroeder.2006. Accuracy analysis 
for DSM and orthoimages derived from SPOT HRS stereo data using direct georeferencing. 
ISPRS Journal of Photogrammetry & Remote Sensing. Vol, 60, pp. 160–169. 
[45] Peter Schwind, Mathias Schneider, Gintautas Palubinskas, Tobias Storch, Rupert Müller, and 
Rudolf Richter.2009.Processors for ALOS Optical Data: Deconvolution, DEM Generation, 
Very High Resolution Optical Satellites for DEM Generation: A Review 553 
 
Orthorectification,and Atmospheric Correction. IEEE transactions on geoscience and remote 
sensing.VOL. 47, NO. 12, 
[46] Philip Cheng and Chuck Chaapel,. March 2006.DEM Generation Using QuickBird St Using 
Tie Points Only.GEO informatics 
[47] Poli, D., 2004. Orientation of satellite and airborne imagery from multi-line pushbroom sensors 
with arigorous sensor model. International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences. Vol, 35 (Part B1).pp, 130–135. 
[48] Poon, J., Fraser, C., Zhang, C., Zhang, L., Gruen, A., 2005. Quality assessment of digital 
surface models generated from IKONOS imagery. Photogrammetric Record. Vol. 20 (110), pp, 
162–171. 
[49] PCI Geomatics Group, OrthoEngine 3D, v7.0 Reference Manual, Version 7: PCI Geomatics 
Group, 2001. 
[50] Qiuze Yu *, Jinwen Tian, Jian Liu.2004A NOVEL contour-based 3D terrain matching 
algorithm using wavelet transform Pattern Recognition Letters. Vol. 25, pp, 87–99. 
[51] Müller, Mathias Schneider, P. V. Radhadevi, Peter Reinartz, Friedhelm Schwonke.2009. Stereo 
Evaluation of ALOS PRISM and IKONOS in Yemen. Geoscience and Remote Sensing 
Symposium. IEEE . P.II-1 - II-2. 
[52] Rabus, B., Eineder, M., Roth, A., Bamler, R., 2003. The shuttle radar topography mission a 
new class of digital elevation modelsacquired by spaceborne radar. ISPRS Journal of 
Photogrammetry and Remote Sensing. Vol.57 (4),pp, 241–262. 
[53] Ryan, R., Baldridge, B., Schowengerdt, R., Choi, T., Helder, D., & Blonski,S. (2003). IKONOS 
spatial resolution and image interpretability. Remote Sensing of Environment,Vol. 88, pp. 37– 
51. 
[54] Saeid Sadeghian, Mohammad Javad Valadan Zoej, Mahmoud Reza Delavarl,, Ahmad 
Abootalebiz.2001.Precision rectification of high resolution satellite imagery without ephemeris 
data. JAG.valume 3.issue 4. 
[55] S. Saunier, R. Santer, P. Goryl, A. Gruen, K. Wolf, M. Bouvet,F. Viallefont, G. Chander, Y. 
Rodriguez, and A. Mambimba.2007 “The contribution of the European Space Agency to the 
ALOS PRISM/AVNIR-2commissioning phase,” in Proc. IGARSS-2007, Barcelona, Spain, 23-
27.July, 2007. 
[56] Schenk, T., 1997. Towards automatic aerial triangulation. ISPRS J. Photogramm. Remote 
Sensing. Vol, 52 (3), pp, 110-121. 
[57] Shan, J., 2003. On the quality of automatic building extraction from IKONOS imagery. Proc. 
ASPRS 2003 Conference, Anchorage, Alaska, May 5–9. On CD-ROM. 
[58] Stephen J. McNeill, Stella E. Belliss.2009.Assessment of Digital Elevation Model Accuracy 
using ALOS-PRISM Stereo Imagery.24th International Conference Image and Vision 
Computing New Zealand. 
[59] Stolle, F., Schultz, H., Woo, D.-M., 2005. High-resolution DEM generation using self-
consistency.SPRS Hannover Workshop 2005 on “High-Resolution Earth Imaging for 
Geospatial Information”,Hannover, Germany, 17–20 May. On CD-ROM. 
[60] S. Vassilopouloua, L. Hurnia, V. Dietrichb, E. Baltsaviasc, M. Paterakic, E. Lagiosd, I. 
Parcharidis., 2002. Orthophoto generation using IKONOS imagery and high-resolution DEM: a 
case study on volcanic hazard monitoring of Nisyros Island (Greece). ISPRS Journal of 
Photogrammetry & Remote Sensing. Vol. 57, pp. 24– 38. 
[61] Takeo Tadono, Masanobu Shimada, Manabu Watanabe, Ryoichi Furuta and Toshiaki 
Hashimoto.Calibration and Validation Plans of ALOS Optical Sensors. Geoscience and Remote 
Sensing Symposium, 2004. IGARSS '04. Proceedings. 2004 IEEE International 
[62] Tang, L., Heipke, C., 1993. An approach for automatic relative orientation. In: Gruen, A., 
Kahmen, H. (Eds.), Optical 3D Measurement Techniques II. Wichmann-Verlag, Karlsruhe, 
pp.347-354. 
554  Mazlan Hashim and Kaveh Deilami 
[63] T. Day and J-P Muller.,1989. digital elevation model production by stereo matching spot 
images-pairs a comparison of algorithms. 
[64] Thierry Toutin.2006. Generation of DSMs from SPOT-5 in-track HRS and across-track HRG 
stereo data using spatiotriangulation and autocalibration. ISPRS Journal of Photogrammetry & 
Remote Sensing. Vol. 60, pp. 170–181. 
[65] Toutin, T., Cheng, P., 2002. QuickBird–milestone for high resolution mapping. Earth 
Observation Magazine Vol, 11 (4), pp, 14–18. 
[66] Toutin, T., Ch´enier, R., Carbonneau, Y., 2003. 3D models for high resolution images: 
Examples with QuickBird, IKONOS and EROS. In: Proc. ISPRS Commission IV Symposium, 
Joint International Symposium on Geospatial Theory. 
[67] Torbjörn Westin, Jörgen Forsgren., 2001.Orthorectification of EROS A1 images. IEEE/ISPRS 
joint workshop on remote sensing and data fusion over urban areas, Rome, Nov. 8-9. 
[68] Vicki Zanoni,, Tom Stanleya, Robert Ryanb, Mary Pagnuttib, Braxton Baldridge, Spencer 
Roylanced, Greg Snydere, George Leee.2003. The Joint Agency Commercial Imagery 
Evaluation team: overview and IKONOS joint characterization approach. Remote Sensing of 
Environment. Vol, 88. pp, 17–22. 
[69] W. Kornus, R. Alamús, A. Ruiz, J. Talaya.,2006. DEM generation from SPOT-5 3-fold along 
track stereoscopic imagery using autocalibration. ISPRS Journal of Photogrammetry & Remote 
Sensing. Vol, 60, pp.147–159. 
[70] Y V N Krishna Murthya, S Srinivasa Raoa, D.S. Prakasa Raoa, V. Jayaramanb.2008.Analysis 
of DEM generated using CARTOSAT-1 stereo data over MAUSANNE LES ALPILES – 
CARTOSAT scientific APPRAISAL PROGRAMME (CSAP TS – 5). The International 
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. 
XXXVII. Part B1. Beijing. 
[71] Younian Wang.1998.Principles and applications of structural image matching.ISPRS Journal of 
Photogrammetry & Remote Sensing. Vol, 53. pp,154-165. 
[72] Zhang, L., Gruen, A., 2004. Automatic DSM generation from lineararray imagery data. 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information 
Sciences. Vol. 35 (Part B3), pp.128–133. 
 
